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SUMMARY /5653 
New methods of s tudying  Sq during t h e  IGY have revea led  a clear 

p a t t e r n  of t h e  non-cycl ic  v a r i a t i o n  f i e l d  which w a s  no t  d i s c e r n i b l e  

from e a r l i e r  s t u d i e s .  The f i e l d  i s  mainly zonal  about t h e  geo- 

magnetic axis, though t h e r e  are s i g n i f i c a n t  depar tures  from axial 

symmetry. The zonal  p a r t  corresponds c l o s e l y  t o  a uniform f i e l d  

p lus  a d i p o l e  f i e l d  along t h e  geomagnetic axis. The r e l a t i v e  

va lues  of t h e s e  two p a r t s  accord w e l l  wi th  t h e  assumption t h a t  t h e  

i n t e r n a l  p a r t  arises from c u r r e n t s  induced i n  t h e  e a r t h  by D s t  

v a r i a t i o n s .  

and hourly va lues  of e q u a t o r i a l  D s t  i s  d i scussed .  

The r e l a t i o n s h i p  between t h e  non-cycl ic  v a r i a t i o n s  

1. In t roduc t ion  

I n  ana lyses  of t h e  Sq f i e l d ,  i t  i s  necessary t o  determine and 

remove the  non-cycl ic  v a r i a t i o n ,  which i s  regarded as an a f t e r  

e f f e c t  of magnetic storms and not p a r t  of t h e  t r u e  Sq v a r i a t i o n .  

*Any views expressed in  t h i s  paper are those  of t h e  author .  
They should not  be i n t e r p r e t e d  as r e f l e c t i n g  the  views of The RAND 
Corporat ion o r  t h e  o f f i c i a l  opinion o r  po l icy  of any of i t s  governmental 
or  p r i v a t e  r e sea rch  sponsors.  Papers are reproduced by The RAND 
Corporat ion as a cour tesy  t o  members of i t s  s t a f f .  
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Most Sq s tud ie s  have been based on the  i n t e r n a t i o n a l  q u i e t  day 

v a r i a t i o n s ,  and consequently t h e  t o t a l  non-cycl ic  change (N) f o r  

t h e  day has been es t imated  from d i f f e rences  i n  t h e  mean va lues  of 

t he  magnetic elements f o r  two i n t e r v a l s  of t i m e  of an hour o r  more, 

cen tered  near t h e  beginning and the  end of t h e  Greenwich day. This  

has meant t h a t ,  fo r  s t a t i o n s  d i f f e r i n g  i n  longi tude from Greenwich 

by more than 90° ,  t he  estimate of N has depended on va lues  of t he  

elements occurring during day l igh t  hours ,  and may t h e r e f o r e  have 

been a f f ec t ed  by t h e  day-to-day v a r i a b i l i t y  of Sq as w e l l  as by 

the  i r r e g u l a r  f l u c t u a t i o n s  of t h e  f i e l d  t h a t  are more l i k e l y  t o  

occur during day l igh t  hours. Apart f r a n  t h e  w e l l  known f a c t  t h a t  

t h e  change i n  the  H-component i s  gene ra l ly  p o s i t i v e  a t  a l l  s t a t i o n s  

except  those i n  high l a t i t u d e s ,  P r i c e  and Wilkins (1963) were not 

ab le  t o  f ind any d e f i n i t e l y  sys temat ic  p a t t e r n  of t h e  N-f ie ld ,  when 

N w a s  obtained i n  t h i s  way, and concluded t h a t  it w a s  no t  a sa t i s -  

fac tory  way of  determining the  t r u e  non-cycl ic  v a r i a t i o n .  

I n  a study of t h e  S q - f i e l d  during t h e  IGY, being  made by D. J. 

Stone and myself, w e  have used " loca l  q u i e t  days" in s t ead  of t h e  

i n t e r n a t i o n a l  qu ie t  days,  de f in ing  a l o c a l  q u i e t  day f o r  any 

s t a t i o n  as t h a t  24-hour per iod extending from Oh t o  24h l o c a l  t i m e  

which has  the greatest over lap  wi th  an i n t e r n a t i o n a l  q u i e t  (Greenwich) 

day. 

mean N for  t h e  f i v e  q u i e t  days of each month t o  b e  t h e  mean va lues  

fo r  those days of  t he  a l g e b r a i c  inc reases  of t h e  mean hourly values  

(m.h.v.1 of H ,  D and Z ,  f r a n  near  t h e  f i r s t  l o c a l  midnight t o  a 

We have correspondingly taken  t h e  H ,  D and Z components of  t h e  

c 
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. corresponding time near  t h e  second. More p r e c i s e l y ,  when t h e  given 

m.h.v. d a t a  are centered  on the hours o f  l o c a l  meridian s tandard  

t i m e  (L.M.T.), t h e  d i f f e rences  of t h e  m.h.v. cen tered  at  success ive  

midnights  L.M.T. are used. When t h e  given d a t a  are centered on the  

ha l f -hours ,  t h e  d i f f e rences  of t h e  m.h.v. cen tered  h a l f  an hour 

before  midnight L.M.T. are used. 

taken t o  see t h a t  t h e  l o c a l  days used do not  conta in  any apprec iab le  

d is turbance ,  which may happen, f o r  example, i f  an i n t e r n a t i o n a l  

q u i e t  day i s  followed by a day which becomes d i s tu rbed  during the  

morning. 

of our s tudy of t h e  Sq- f i e ld ,  the  d a t a  a l s o  a f f o r d  an opportuni ty  

o f  s tudying t h e  N- f i e ld  i t se l f .  

D. J. Stone and myself .  The present  n o t e  calls a t t e n t i o n  t o  some 

pre l iminary  r e s u l t s .  

Precaut ions  have of course t o  be 

While our main purpose i s  t o  t r y  t o  improve t h e  accuracy 

This  w i l l  be  done i n  d e t a i l  by 

2. The f i e l d  p a t t e r n  of t he  non-cyclic v a r i a t i o n  

When t h e  H, D, Z components of N obtained i n  t h i s  way are 

converted t o  X, Y, Z components, a f a i r l y  clear p a t t e r n  of t h e  

N-f ie ld  emerges. There are d i f f e rences  i n  t h e  p a t t e r n  from month 

t o  month bu t  genera l  f e a t u r e s  remain d i s c e r n i b l e .  A good t e s t  of 

t h e  r e l i a b i l i t y  and s i g n i f i c a n c e  of t h e  h o r i z o n t a l  components X, Y 

(or H, D) thus  obtained,  i s  t o  see whether t h e i r  d i s t r i b u t i o n  over 

t h e  e a r t h  can be der ived from a scalar p o t e n t i a l .  I have roughly 

checked t h a t  t h i s  i s  so f o r  the  mean N f i e l d  der ived  from t h e  60 

q u i e t  days of 1958. More accurate a p p l i c a t i o n s  of t h i s  test fo r  

each sepa ra t e  month w i l l ,  i t  is hoped, g ive  numerical  estimates of 
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t h e  r e l i a b i l i t y  of t h e  va lues  obtained f o r  X and Y .  

The genera l  p a t t e r n  of t he  h o r i z o n t a l  f i e l d  corresponding t o  

t h e  va lues  obtained for  X and Y can be convenient ly  exh ib i t ed  by 

a r ep resen ta t ive  cu r ren t  s y s t e m  flawing i n  a s h e l l  immediately 

above t h e  ea r th ' s  su r f ace ,  which would give r ise  t o  t h e s e  values .  

This  cur ren t  s y s t e m  w i l l  no t ,  of course,  be the  a c t u a l  phys ica l  

source of the f i e l d .  The real  e x t e r n a l  cu r ren t  source i s  probably 

at a considerable  d i s t ance  from t h e  e a r t h ' s  su r f ace  and t h e r e  i s  

a l s o  a cont r ibu t ion  t o  t h e  f i e l d  f r a u  c u r r e n t s  w i t h i n  t h e  e a r t h .  

Nevertheless  i t  convenient ly  e x h i b i t s  t h e  main f e a t u r e s  of t h e  f i e l d .  

Current vec to r s ,  showing the  s t r eng th  and d i r e c t i o n  of t h e  r ep re -  

s e n t a t i v e  cur ren t  system a re  obtained by r o t a t i n g  t h e  vec to r s  (X, Y) 

a t  each s t a t i o n  clockwise through 90'. These are shuwn i n  Fig. 1 

f o r  sane of the  s t a t i o n s  opera t ing  during 1958. Vectors fo r  many 

of t h e  European stations are Omitted, b u t  they correspond c l o s e l y  

w i t h  those  shown. The l i n e s  of geomagnetic l a t i t u d e s  f o r  Oo, 30° 

and 60' are a l s o  shown, and it w i l l  be noted t h a t  t h e  r ep resen ta t ive  

c u r r e n t s  c lose ly  follow these  l i n e s  i n  d i r e c t i o n ,  e s p e c i a l l y  i n  

Europe and Asia. This  shows t h a t  t h e  f i e l d  conta ins  an important 

axial component p a r a l l e l  t o  t h e  geomagnetic axis. 

The non-cycl ic  v a r i a t i o n  i s  gene ra l ly  a t t r i b u t e d  mainly t o  

t h e  decay of cu r ren t  flowing westwards i n  an ion ized  b e l t  

surrounding t h e  e a r t h  at  a d i s t ance  of s e v e r a l  e a r t h  r a d i i .  Th i s  

r i n g  cur ren t"  is produced o r  i n t e n s i f i e d  dur ing  magnetic S t O r m 8 ,  
II 

and i t s  subsequent decay produces a g radua l  r i s e  i n  t h e  observed 

va lue  of  H. Calcu la t ions  by Akasofu, Cain and Chapman (1961) 
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i n d i c a t e  t h a t  t h e  f i e l d  of t h e  r i n g  cu r ren t  would be nea r ly  uniform 

at t h e  e a r t h ' s  su r f ace ,  wi th  i t s  d i r e c t i o n  p a r a l l e l  at a l l  t i m e s  

t o  t h e  e a r t h ' s  d ipole  ax is .  The r e s u l t a n t  s u r f a c e  f i e l d  would be 

modified by c u r r e n t s  induced i n  t h e  e a r t h ,  bu t  it is  l i k e l y  t h a t  

t h e  f i e l d  of t h e s e  would be mainly a d ipo le  f i e l d  wi th  its axis 

along t h e  same d i r e c t i o n .  

The present  prel iminary study of N tends t o  confirm t h e  above 

explanat  ion of i t s  o r i g i n ,  p a r t i c u l a r l y  wi th  r e s p e c t  t o  t h e  c l o s e  

r e l a t i o n s h i p  wi th  t h e  geomagnetic axis. 

r e q u i r e s  f u r t h e r  exanina t ion ,  however, i s  the  cons iderable  v a r i a t i o n  

i n  t h e  magnitude of t h e  r ep resen ta t ive  cu r ren t  v e c t o r s  on moving 

around t h e  g e m a g n e t i c  equator .  The cu r ren t  i n t e n s i t y  i s  apparent ly  

more than  twice as g r e a t  between geographic longi tudes  60°E and 

150°E as i t  is between 60°W and 1 8 0 O W .  

be  some divergence of c u r r e n t  away f r a n  t h e  equator  i n  one reg ion  and 

a convergence i n  another.  There i s  sane evidence of t h i s  i n  t h e  

f i g u r e .  It appears t h e r e f o r e  t h a t  t h e  N-f ie ld ,  as h e r e  obtained,  

though l a rge ly  c o n t r o l l e d  by t h e  d i r e c t i o n  of  t h e  d i p o l e  axis, i s  

n o t  e n t i r e l y  symmetrical about t h i s  axis, as i s  t h e  t h e o r e t i c a l  

f i e l d  of t h e  r i n g  cu r ren t .  

A f e a t u r e  of Fig. 1 which 

Correspondingly t h e r e  should 

This  lack of symmetry i s  a l s o  shown by p l o t t i n g  t h e  contours  

of t h e  H canponent of N on a geomagnetic g r i d  as i n  Fig.  2. Note 

t h a t  t h e  H canponent of  N (say 6H) is  n o t  t h e  same as 19, i.e., 

2 2 2 d ( X 2  + Y2); i n  f a c t  1 %  = ( 8 3 )  + o) . But h e r e  H6D I s  

u s u a l l y  s m a l l  compared wi th  6H, so t h a t  t h e  magnitudes of t h e  

vec to r s ,  d(X2 + Y ), i n  Fig.  1 approximately correspond t o  t h e  H 2 
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canponents of N i n  Fig.  2. 

on a geomagnetic g r i d  i n  Fig.  3. The gene ra l  zonal  cha rac t e r  of 

t he  f i e l d  i s  again i n  evidence, though aga in  t h e r e  are s i g n i f i c a n t  

depar tures  from axial symmetry. 

The Z-component of N i s  s i m i l a r l y  shown 

Departures of t h e  f i e l d  from axial symmetry could be caused by 

(a) some non-symmetrical f ea tu re s  of t h e  r i n g  c u r r e n t ,  (b) ionospher ic  

c u r r e n t s  d i s t i n c t  f r an  the  r i n g  c u r r e n t ,  (c) cu r ren t s  induced i n  

t h e  Ear th ,  i f  i t  behaves as a non-uniform conductor,  It  seems very 

un l ike ly  t h a t  (a) could exp la in  t h e  observed depar tures  unless  t h e  

r i n g  cur ren t  flaws much nearer  t h e  Ear th  than  i s  gene ra l ly  supposed. 

Some of t h e  f ea tu res  of t h e  Z-component d i s t r i b u t i o n  and t o  a 

lesser ex ten t  t h a t  of H could probably be explained by (c) ,  but  t h e  

major f ea tu res  of t h e  H and Z d i s t r i b u t i o n s  seem t o  r equ i r e  an 

explana t ion  of t he  kind ind ica t ed  i n  6). The ionospheric  cu r ren t s  

involved may be  a s soc ia t ed  wi th  f l u c t u a t i o n s  i n  t h e  s t r e n g t h  of t h e  

r i n g  cur ren t ,  or  may be t h e  d i r e c t  e f f e c t  of s o l a r  p a r t i c l e  r ad ia t ion .  

I n  t h i s  connection, t h e  study by Sugiura  (1963) of t h e  hour ly  va lues  

of t h e  equa to r i a l  D s t  f o r  t h e  IGY per iod  i s  of g r e a t  i n t e r e s t .  H e  

f i nds  a remarkably c lose  c o r r e l a t i o n  between h i s  D s t  va lues  

(averaged over three-hourly i n t e r v a l s )  and Bartels three-hour ly  

a i nd ices  fo r  t h e  whole of t h e  IGY period.  This  i s  a l l  t h e  more 

remarkable i n  view of the  f a c t  t h a t  t h e  D s t  va lues  are deduced f r a n  

hourly values of H f o r  s ta t ims  between 9' and 34O geanagnet ic  

l a t i t u d e ,  whereas t h e  a i nd ices  are der ived  f r a n  three-hour ly  

ranges f o r  s t a t i o n s  between 4 8 O  and 63O geomagnetic l a t i t u d e .  This  

tends t o  suggest t h a t  Sugiura 's  D s t  va lues ,  and t h e r e f o r e  a l s o  Our 
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values  of N ,  conta in  s i g n i f i c a n t  con t r ibu t ions  from ionospheric  

sources  of  geomagnetic dis turbance,  i n  add i t ion  t o  the  main source,  

namely t h e  f l u c t u a t i o n s  i n  the s t r e n g t h  of t h e  r i n g  cur ren t .  

3. The qu ie t  day non-cycl ic  v a r i a t i o n  and hourly D s t  va lues  

The r e l a t i o n s h i p  between Sugiura 's  hour ly  D s t  values  and the  

non-cyclic v a r i a t i o n  on qu ie t  days i s  worth c l o s e r  examination. 

The Sq v a r i a t i o n  f o r  each month i s  obtained by s u b t r a c t i n g  from 

t h e  m.h.v. (averaged Over t h e  f i v e  q u i e t  days) a l i n e a r  func t ion  

N ( t )  chosen so as t o  remove t h e  t o t a l  non-cycl ic  change N .  

t h e  non-cycl ic  v a r i a t i o n  is  a t t r i b u t e d  t o  D s t ,  and Sugiura 's  

t a b l e s  g ive  hourly va lues  of  Dst f o r  a l l  days, inc luding  qu ie t  

days. A t  f i r s t  s i g h t ,  i t  might t h e r e f o r e  seem poss ib l e  t o  ge t  a 

more accura te  (non-l inear)  estimate of N ( t )  by using t h e s e  D s t  

va lues ,  and hence by i t s  removal g e t  a more accu ra t e  determinat ion 

of Sq. However, on c lose r  examination t h i s  is found no t  t o  be so,  

because t h e  de r iva t ion  of t h e  D s t  hour ly  va lues  involves  removing 

t h e  average S q ( t )  f o r  t h e  8 s t a t i o n s  used by Sugiura  from t h e  

average m.h.v. fo r  t hese  s t a t i o n s .  But S q ( t )  i s  i t s e l f  obtained 

fo r  any s t a t i o n  and any month fran t h e  m.h.v. on t h e  assumption 

t h a t  t h e  mean N ( t )  f o r  t h e  f i v e  q u i e t  days of t h e  month is a 

l i n e a r  funct ion.  It fol lows t h a t  t h e  m e a n  der ived  va lues  of D s t  f o r  

t h e  f ive days should represent  a l i n e a r  func t ion ,  though of course 

Naw 

t h i s  w i l l  not be  t r u e  f o r  t h e  ind iv idua l  q u i e t  days. 

m.h.v. at any p a r t i c u l a r  s t a t i o n ,  at time t measured from sane 

chosen epoch, i s  w r i t t e n  i n  the form 

Suppose t h e  
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c 

where M ( t )  r ep resen t s  t h e  con t r ibu t ion  from t h e  main f i e l d  and i t s  

secu la r  v a r i a t i o n ,  L ( t )  i s  t h e  lunar  d i u r n a l  v a r i a t i o n ,  D ( t )  t h e  

d is turbance  f luc tua t ion .  The v a r i a t i o n  Sq( t )  fo r  any month i s  

def ined  as t h e  pe r iod ic  funct ion 

where t h e  s u f f i x  Q denotes t h e  mean va lues  of t h e  corresponding 

m.h,v. *s for t h e  5 q u i e t  days of t h e  month, and N ( t )  i s  t h e  

l i n e a r  funct ion which w i l l  m a k e  Sq ( t )  pe r iod ic ,  

Taking t h e  average of (1) over t h e  e i g h t  s t a t i o n s  used by 

Sugiura gives  - - -  - -  
h ( t )  = M ( t )  + Sq( t )  + L ( t )  + D ( t )  - 

I n  t h i s  expression M ( t )  i s  found t o  be p r a c t i c a l l y  cons tan t ,  - 
M say, L ( t )  i s  n e g l i g i b l e ,  D ( t )  i s  i d e n t i f i e d  wi th  D s t  f o r  t h e  

f o r  t h e  mean l a t i t u d e  of t he  s t a t i o n s ,  and f r a n  (2) 

(3) 

It follaws t h a t  

- - - 
= h ( t )  - M - [ h ( t ) I Q  + N ( t )  ( 5 )  

This  is true for  each day of t h e  month. Hence, t ak ing  t h e  

average over t he  five q u i e t  days,  
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- 
{Dst), = - M t N ( t )  , 

showing t h a t  ( D s t )  i s  a l i n e a r  func t ion  of  t. Q 
Actua l ly  the  hour ly  va lues  of D s t  g iven i n  Sugiura 's  t a b l e s  

fo r  t h e  IGY period do not  q u i t e  s a t i s f y  t h i s  condi t ion ,  e.g., f o r  

t h e  qu ie t  days of January 1958 the average D s t  dev ia t e s  by amounts 

of up t o  3y from t h e  l i n e a r  v a r i a t i o n ,  which t o t a l s  1Oy fo r  t h e  day. 

The reason f o r  t h i s  i s  t h a t  Sugiura  d i d  no t  i n  f a c t  remove p r e c i s e l y  

t h e  average S q ( t )  as def ined i n  (4) because t h i s  func t ion  of  t 

changes somewhat f o r  each successive month and, t h e r e f o r e ,  s u b t r a c t i n g  

i t  from h (t) would in t roduce  corresponding discont inuous changes i n  

t h e  der ived  D s t  values.  H e  t he re fo re  used in s t ead  a smoothed ve r s ion  

of Sq( t ) ,  say c(t), got  by approximating t o  t h e  18 success ive  

monthly func t ions  S q ( t )  with a double Four ie r  series i n  t h e  t i m e  T 

from Greenwich midnight f o r  each day, and t h e  t i m e  M measured i n  

t e n t h s  of a month from t h e  start of t h e  IGY. Thus Sugiura 's  D s t  

va lues  correspond t o  

- 

- 
- 

D s t  = h ( t )  - M - c(t) (7 1 

and t h e r e f o r e  

Hence, from (4) and (8) 

Th i s  shows t h a t  t h e  f luc tua t ions  of t h e  mean of Sugiura 's  D s t  - 
values ,  about t h e  l inear change N ( t )  - M throughout t he  average 

q u i e t  day f o r  a given month, are due t o  t h e  d i f f e r e n c e  between 
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c 

- - 
S q ( t )  f o r  the month and t h e  smoothed vers ion  [ Z ( t ) j  

i s  doubtful  how much phys ica l  s ign i f i cance  should be a t tached  t o  

of Sq( t ) .  It Q 

t h i s ,  though t h e  f luc tua t ions  of D s t  on ind iv idua l  q u i e t  days c e r t a i n l y  

have s igni f icance .  The r e s u l t  (9) r a t h e r  sugges ts  t h a t  t he  f l u c -  

t u a t i o n s  of { D s t ]  

o f  magnitude of t he  u n c e r t a i n t i e s  i n  the  D s t  va lues  due t o  t h e  

from a l i n e a r  l a w  may be i n d i c a t i v e  of t h e  order  Q 

seasonal  v a r i a t i o n  of Sq. I f  t h i s  i s  so, these  u n c e r t a i n t i e s  are 

notably small and r e l a t i v e l y  unimportant. 

Probably a g r e a t e r  unce r t a in ty  i n  t h e  D s t  values  arises from 

t h e  day-to-day v a r i a b i l i t y  of Sq. 

Sugiura 's  values  t o  allow fo r  t h i s  by ass igning  t o  each day an 

amplitude f ac to r  for  Sq as was done by Vest ine (1947) i n  h i s  

classic inves t iga t ion  of t h e  main f i e l d ,  and then  removing t h e  

corresponding modified c ( t )  from h ( t ) .  

It might be poss ib l e  t o  r e f i n e  

- 
Insofar  as t h e s e  s t u d i e s  relate t o  t h e  average non-cycl ic  

v a r i a t i o n  N ( t )  fo r  t he  f i v e  qu ie t  days of each month, w e  conclude 

from them t h a t  Sugiura 's  t a b l e  of hourly D s t  va lues  do not  a f f o r d  

a method of ob ta in ing  an improved es t imate  of N ( t ) .  

4. The zonal part of t h e  N-f ie ld  

Figures  1, 2 and 3 i n d i c a t e  t h a t  a major p a r t  of t h e  N-f ie ld  

is zonal. This  p a r t  has been roughly separa ted  from t h e  remainder 

by obta in ing  t h e  mean va lues  of  H and Z over zones o f  width LOo of 

l a t i t u d e ,  using e i t h e r  geomagnetic o r  geographic l a t i t u d e s .  

r e s u l t s  a r e  shown i n  Fig.  4. 

H and 2 values  which would correspond t o  a uniform f i e l d  p a r a l l e l  

The 

This  f igu re  a l s o  shaws t h e  t o t a l  
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t o  t h e  axis (geomagnetic or  geographic) t oge the r  wi th  an i n t e r n a l  

d ipo le  f i e l d  along t h e  corresponding axis. It w i l l  be  seen t h a t  

t he  f i t  f o r  t he  H component i s  good fo r  t he  geomagnetic a x i s  case ,  

bu t  less good when t h e  geographic axis i s  used. This  agrees wi th  

t h e  ind ica t ions  of F ig ,  1, and wi th  the  assumption t h a t  t h e  N-f ie ld  

is  mainly produced by the  r i n g  current .  The d i f f e r e n t  curves f o r  

t h e  t o t a l  Z component correspond t o  d i f f e r e n t  r a t i o s  of  t h e  con- 

t r i b u t i o n s  t o  Z from the  i n t e r n a l  and e x t e r n a l  f i e l d s ,  ranging 

from 0 t o  -1. 

Suppose the  change i n  t h e  e x t e r n a l  uniform f i e l d  during one 

day i s  h p a r a l l e l  t o  t he  geomagnetic ax i s .  

and downward v e r t i c a l  components o f  ho are X 

The geomagnetic no r th  

s i n  0, 

v 
= h 

0 0 

= -  h cos 0, where 8 i s  t he  co - l a t i t ude .  The components of  
0 0 

t he  corresponding 

Z.= 2h.cos 8 ,  and 
1 1 

H = ( h  
0 

d ipo le  f i e l d  w i l l  b e  of t h e  form X = h s i n  8 ,  

t he  t o t a l  H and Z components are 

i i 

t h . )  s i n  8 = h (1 + A) s i n  8 
1 0 

Z = -(h - 2hi) cos 0 = -h (1 - 2A) s i n  0 , 
0 0 

where h = h .  /h 
1 0' 

The two parameters h and A can be ad jus ted  t o  g e t  good f i t s  
0 

f o r  both t h e  H and Z observat ions,  which shows t h a t  only t h e  f i r s t  

harmonic i s  important i n  t h i s  zonal f i e l d .  The H va lues  r e q u i r e  

h o ( l  t A) t o  be about 8.5, and the  Z va lues  then determine A. 

w i l l  be  seen t h a t  t h e  b e s t  f i t  i s  obtained when h i s  about 0.25. 

It i s  of i n t e r e s t  t o  n o t e  t h a t  t h i s  va lue  of h corresponds t o  an 

i n t e r n a l  induced f i e l d  of about t h e  magnitude w e  would expect on 

It 
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our  present view of t h e  d i s t r i b u t i o n  of  conduct iv i ty  w i t h i n  t h e  

e a r t h .  The non-cyclic v a r i a t i o n  i s  a r e l a t i v e l y  slowly varying 

f i e l d  and can be regarded as t h e  last  phase of t h e  slow exponent ia l  

decay of negat ive D s t  a f t e r  magnetic storms. S tud ie s  of D s t  dur ing 

t h e  earlier p a r t s  of magnetic storms and comparison wi th  ca l cu la t ed  

induced f i e l d s  i n  var ious  e a r t h  models (Chapman and P r i c e ,  1930; 

L a h i r i  and P r i ce ,  1939) have ind ica t ed  t h a t  t he  c u r r e n t s  induced 

i n  t h e  ea r th  pene t r a t e  more and more deeply with t i m e ,  and a l s o  

t h e  conduct ivi ty  increases  very markedly a t  a depth of about O.la, 

where a i s  the  e a r t h ' s  rad ius .  It may t h e r e f o r e  be expected t h a t  

t h e  e a r t h  cu r ren t s  a s soc ia t ed  wi th  N flow at a cons iderable  depth 

and i n  a region of high conduct ivi ty .  Suppose f i r s t  f o r  s i m p l i c i t y  

t h a t  f o r  the varying f i e l d  under cons idera t ion  t h e  e a r t h  i s  

e f f e c t i v e l y  of i n f i n i t e  conduct iv i ty  wi th in  a sphere of 

r ad ius  qa,  a <  1, and of zero conduct iv i ty  above. Then, s i n c e  Z 

must be zero at  t h e  s u r f a c e  of t h i s  sphere,  i t  e a s i l y  follows 

1 3  t h a t  t h e  value of h i n  t h e  express ion  (11) above must be - q . 2 

Taking h = 0.25 gives  a va lue  of q of about 0.8. I n  t h i s  case 

a l l  t h e  cur ren ts  g iv ing  rise t o  t h e  i n t e r n a l  p a r t  of t h e  f i e l d  

flow i n  an i n f i n i t e s i m a l l y  t h i n  s h e l l  of r ad ius  0.8a. 

i n t e r n a l  pa r t  of the  f i e l d  could of course arise from c u r r e n t s  

flowing i n  a conductor o f  f i n i t e  conduct iv i ty ;  i n  t h i s  case t h e  

c u r r e n t s  m u s t  f low mainly a t  depths less than  0.2a f r a n  t h e  sur face .  

Th i s  accords w e l l  wi th  t h e  r e s u l t s  ob ta ined  from t h e  above-mentioned 

earlier s tud ie s  o f  D s t .  
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